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Description

TECHNICAL FIELD

[0001] The present invention relates to an electric train
car controlling device that performs inverter control on
induction motors that drive wheels of an electric train car.
The present invention particularly relates to an electric
train car controlling device that has a controlling function
on idling during power running operation and sliding dur-
ing braking operation.

BACKGROUND ART

[0002] In an electric train car controlling device, the
torque of induction motors needs to be suitably controlled
such that idling of wheels would not occur to achieve
smooth acceleration during power running operation.
Patent Document 1, for example, discloses an example
structure of an electric train car controlling device for con-
trolling idling during power running operation. The electric
train car controlling device drives four induction motors
for driving four driving wheel axles with a single inverter.
[0003] Specifically, the conventional electric train car
controlling device calculates the speed of each axle on
the basis of a detection signal detected by a correspond-
ing one of four pulse generators that individually detect
the number of revolutions of the four induction motors.
Then, the maximum axle speed and the minimum axle
speed are selected from the four axle speeds, and a
speed deviation ΔV is calculated. Also, the minimum axle
speed selected from the four axle speeds is defined as
a reference speed V0, reference acceleration α0 is cal-
culated from the reference speed V0, and accelerations
α1 to α4 of the axles are calculated from the four axle
speeds.
[0004] Based on the thus calculated speed deviation
ΔV, the reference speed V0, the reference acceleration
α0, and the axle accelerations α1 to α4, it is judged
whether any wheels of the corresponding axles are in an
idling state. For example, in a case where idling occurs
at one axle, the idling is detected when the speed devi-
ation ΔV exceeds a set value or when any of the axle
accelerations α1 to α4 exceeds the reference accelera-
tion α0 that is an idling detection level. When an idling
state is detected, a limiting operation is performed such
that a current command value that is supplied from the
inverter to the induction motor is temporarily reduced
from the original value (target value). Thus, an abnormal
vibration phenomenon is prevented from occurring in the
electric train car at the time of idling.
[0005] DE 102 38 216 discloses a controlling unit that
generates a target torque command value for a plurality
of motors to suppress an idling state or a sliding state of
driving wheels based on revolving speeds of the motors
that drive a plurality of driving wheel axles, wherein the
controlling unit comprises:

a first judging unit that obtains, by use of self-axle
speeds that are the revolving speeds of the motors
and a reference speed that is a minimum speed (a
maximum speed in a decelerating operation) of the
revolving speeds of the motors, a speed deviation
of each of the self-axle speeds from the reference
speed or an acceleration deviation or a deceleration
deviation, and judges a degree of the idling state or
the sliding state of the driving wheels in accordance
with how much the thus obtained speed deviation or
the acceleration deviation or the deceleration devi-
ation exceed thresholds that are individually deter-
mined;

a limiting process performing unit that performs a
limiting process to reduce an instruction torque com-
mand value that is externally supplied, in accordance
with a judgment result obtained by the first judging
unit;

a second judging unit that determines a first thresh-
old that exceeds an absolute acceleration deter-
mined with reference to the absolute acceleration,
and judges whether an acceleration of a self-axle
speed that is the maximum speed (the minimum
speed in the decelerating operation) or a decelera-
tion of a self-axle speed that is the minimum speed
selected from the revolving speeds of the motors ex-
ceeds the first threshold;

and an output processing unit that outputs a torque
command value processed by the limiting process
performing unit as the target torque command value
when a judgment result obtained by the second judg-
ing unit is not exceeding the first threshold, or outputs
the target torque command value subjected to a re-
duction process that is performed regardless of a
process result obtained by the limiting process per-
forming unit when the judgment result obtained by
the second judging unit is exceeding the first thresh-
old.

[0006] In US 4,896,090 A, a locomotive propulsion sys-
tem with wheelslip control is discussed. The rotational
speeds of the locomotive’s separately driven wheels are
compared, the highest and lowest values are detected,
a reference speed value indicative of the rotational speed
of a wheel that is not slipping is provided, and the mag-
nitude of a voltage applied to the locomotive’s traction
motors is corrected under consideration of the difference
between the reference speed value and the detected
speeds of the driven wheels and a desired maximum
difference between the reference speed and the detected
speeds.
[Patent Document 1] Japanese Patent Application Laid-
open No. 11-89005 (paragraphs [0002] to [0006], Fig. 19)
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DISCLOSURE

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] In the above described conventional idling con-
trol, in which the idling is detected based on the deviation
between the axle acceleration and the reference accel-
eration, the change of the acceleration (deviation) can
be accurately detected when the acceleration significant-
ly changes. For example, the change in acceleration is
as large as the predetermined acceleration: the acceler-
ation changes from 3.0km/h/s to 5.0km/h/s due to the
idling when the predetermined acceleration is 4.0km/h/s.
Then, the idling detection function suitably operates to
temporarily limit the current command value. However,
when the predetermined acceleration is 4.0km/h/s and
the acceleration changes from 3.9km/h/s to 4.1km/h/s,
for example, the change of the acceleration may not be
accurately detected because the change (deviation) of
the acceleration caused by the idling is relatively small
with respect to the predetermined acceleration.
[0008] In the situation in which appropriate detection
of an acceleration change caused by idling cannot be
conducted, the speed cannot be controlled appropriately,
which may cause vibration of the electric train car, the
activation of the safety device, or even the activation of
the emergency brake. These make it difficult for the elec-
tric train car to perform a stable travel. The above phe-
nomenon similarly applies to the sliding control at the
time of braking (decelerating).
[0009] The present invention has been made in view
of the above. An object of the present invention is to pro-
vide an electric train car controlling device that can reli-
ably detect an idling state/a sliding state and suitably per-
form a torque control even when a change in accelera-
tion/deceleration is too small as the acceleration/decel-
eration of an electric train car to detect the change using
an acceleration/deceleration deviation.

MEANS FOR SOLVING PROBLEM

[0010] To achieve the above-described object, an
electric train car controlling device according to the sub-
ject-matter of claims 1 and 2 is proposed.

EFFECT OF THE INVENTION

[0011] The first threshold is set, with reference to the
absolute acceleration determined in accordance with the
vehicle usage condition, to detect an acceleration change
of the self-axle speed that has the maximum speed or a
deceleration change of the self-axle speed that has the
minimum speed of the revolving speeds of the plural mo-
tors that drive the plural driving wheel axles. When the
acceleration or the deceleration exceeds the first thresh-
old, a target torque command value subjected to the re-
duction process that is performed regardless of the
processing result of the limiting process performing unit

is output. In a condition of travelling with acceleration or
deceleration determined in accordance with the vehicle
usage condition, an idling or sliding state can be reliably
detected, and a torque control can be suitably conducted
even when there is an acceleration change or a decel-
eration change too small to be detected from an accel-
eration deviation or a deceleration deviation.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

Fig. 1 is a block diagram showing a partial structure
of an electric train car controlling device according
to an embodiment of the present invention.
Fig. 2 is a time chart diagram showing an idling con-
trol operation.

EXPLANATIONS OF LETTERS OR NUMERALS

[0013]

1 Frequency detecting circuit
2 Minimum frequency detecting circuit
3 Maximum frequency detecting circuit
4 Acceleration detecting circuit
5 Speed difference detecting circuit
6 Differenntiator
7 Slipping detector
8 Multiplier
9 First-order delay circuit
10 Comparator circuit
11 Absolute acceleration setting circuit
12 Delay time generating circuit
13 Multiplier
14 First-order delay circuit

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0014] Embodiments of an electric train car controlling
device according to the present invention are described
in detail below with reference to the drawings. The entire
structure of an electric train car controlling device is de-
fined in the claims and further includes a power convert-
ing unit, to which plural induction motors that drive plural
driving wheel axles that are under control are connected
in parallel; a controlling unit of the invention is provided
and judges an idling state/a sliding state at the time of
power running operation/braking operation based on de-
tection signals (PG signals) of pulse generators (PGs)
that detect respective number of revolutions of plural in-
duction motors and outputs a target torque command TP
to cancel such states; further a calculating unit that cal-
culates a drive signal in accordance with the target torque
command TP output by the claimed controlling unit may
be provided, and supplies this drive signal to a switching
circuit of the power converting unit. The induction motors
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are connected in parallel to an output terminal of the
switching circuit.
[0015] Fig. 1 is a block diagram showing a partial struc-
ture of an electric train car controlling device according
to the embodiment of the present invention. To facilitate
understanding of this invention, the description of the fol-
lowing embodiment deals with a case in which the con-
trolling unit, which is a main component, performs idling
control at the time of power running operation (acceler-
ating operation), but it is similarly applicable to a case of
sliding control at the time of braking operation (deceler-
ating operation).
[0016] In Fig. 1, PG signals P1 to Pn are detection sig-
nals from plural pulse generators (PGs). Each of the
pulse generators detects the number of revolutions of
corresponding one of induction motors. Each of the mo-
tors drives corresponding one of driving wheel axles that
is under control. In other words, the PG signals P1 to Pn
are speed signals that indicate the revolving speeds of
the corresponding induction motors, i.e., the revolving
speeds of the corresponding driving wheels.
[0017] A plurality of frequency detecting circuits 1 is
provided in a one-to-one correspondence with PG sig-
nals P1 to Pn, but one of them is illustrated in Fig. 1. In
Fig. 1, one of the PG signals P1 to Pn (PG signal P1) is
input into the frequency detecting circuit 1. All the PG
signals P1 to Pn are input in parallel into a minimum fre-
quency detecting circuit 2 and a maximum frequency de-
tecting circuit 3.
[0018] The frequency detecting circuit 1 detects the
frequency of the corresponding PG signal (PG signal P1
in Fig. 1) in the PG signals P1 to Pn and outputs it to
corresponding one of acceleration detecting circuits 4
and speed difference detecting circuits 5. Although not
illustrated in Fig. 1, a plurality of acceleration detecting
circuits 4 and a plurality of speed difference detecting
circuits 5 is provided in a one-to-one correspondence
with the PG signals P1 to Pn similarly to the frequency
detecting circuits 1. Each one of the respective circuits
are illustrated in Fig. 1.
[0019] The minimum frequency detecting circuit 2 de-
tects the minimum frequency from the PG signals P1 to
Pn, and outputs it to the acceleration detecting circuits 4
and the speed difference detecting circuits 5 in parallel.
In contrast, the maximum frequency detecting circuit 3
detects the maximum frequency from the PG signals P1
to Pn and outputs it to a differentiator 6.
[0020] Each of the acceleration detecting circuits 4 cal-
culates the acceleration (hereinafter, referred to as "ref-
erence acceleration" for convenience) by performing a
differential processing on the revolving speed of the driv-
ing wheel axle having the minimum frequency that has
been detected by the minimum frequency detecting cir-
cuit 2. In parallel with this, each of the acceleration de-
tecting circuits 4 calculates the acceleration (hereinafter,
referred to as "self-axle acceleration" for convenience)
by performing a differential processing on the revolving
speed (hereinafter, referred to as "self-axle speed" for

convenience) S1 of the driving wheel axle detected by
the corresponding one of the frequency detecting circuits
1.
[0021] Then, each of the acceleration detecting circuits
4 calculates an acceleration deviation between the self-
axle acceleration and the reference acceleration, com-
pares the calculated acceleration deviation with a prede-
termined threshold, notifies an slipping detector 7 that
the acceleration is normal when the acceleration devia-
tion does not exceed the predetermined threshold, and
notifies the slipping detector 7 that the acceleration is
abnormal when the acceleration deviation exceeds the
predetermined threshold, with the exceeding value at-
tached.
[0022] Each of the speed difference detecting circuits
5 calculates a difference between the revolving speed of
the driving wheel axle having the minimum frequency
detected by the minimum frequency detecting circuit 2
and the self-axle speed detected by the corresponding
one of the frequency detecting circuits 1, compares the
speed difference with a predetermined threshold, notifies
the slipping detector 7 that the speed difference is normal
when the speed difference does not exceed the prede-
termined threshold, and notifies the slipping detector 7
that the speed difference is abnormal when the speed
difference exceeds the predetermined threshold, with the
exceeding value attached.
[0023] Notification A1 indicating "normal" or "abnor-
mal" of the acceleration of corresponding one of the driv-
ing wheel axles is input from each of the acceleration
detecting circuit 4, and notification B1 indicating "normal"
or "abnormal" of the speed difference of corresponding
one of the driving wheel axles is input from each of the
detecting circuit 5. Based on these notifications, the slip-
ping detector 7 determines the degrees of idling for all
the driving wheel axles. For example, if idling is not de-
tected, a value "1" is set. If idling is detected, a specific
value between "1" and "0" is set in accordance with the
degree of abnormality indicated by the outputs of the ac-
celeration detecting circuit 4 and the speed difference
detecting circuit 5. An idling detection signal C1 for all
the driving wheel axles indicating the degree of idling
thus determined is input to a multiplier 8.
[0024] The differentiator 6 calculates the acceleration
(hereinafter, referred to as "maximum acceleration" for
convenience) S2 by differentiating the revolving speed
of the driving wheel axle having the maximum frequency
that is detected by the maximum frequency detecting cir-
cuit 3 and outputs it to a first-order delay circuit 9.
[0025] The first-order delay circuit 9 is a filter that re-
moves noise components from the maximum accelera-
tion signal S2 output by the differentiator 6. The first-order
delay circuit 9 introduces a delay of a predetermined time
constant to the maximum acceleration signal S2’, from
which the noise components has removed, and outputs
it to one of the input terminals of the comparator circuit 10.
[0026] The absolute acceleration setting circuit 11 is a
circuit that sets an absolute acceleration in accordance
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with a vehicle usage condition that is externally input.
The absolute acceleration setting circuit 11 outputs to
the other one of the input terminals of the comparator
circuit 10 two thresholds (a maximum acceleration
threshold α1 as a first threshold and a minimum accel-
eration threshold α2 as a second threshold) that are de-
termined above and below the set absolute acceleration
using the set absolute acceleration as a reference value.
In other words, the two thresholds (the maximum accel-
eration threshold α1 and the minimum acceleration
threshold α2) change in accordance with the absolute
acceleration that is set in accordance with the vehicle
usage condition.
[0027] The comparator circuit 10 has a hysteresis func-
tion. The output is set to a set level (the logical value "0"
level in the example of Fig. 1) when the maximum accel-
eration signal S2’ input by the first-order delay circuit 9
exceeds the maximum acceleration threshold α1 sup-
plied by the absolute acceleration setting circuit 11, and
thereafter, when the maximum acceleration signal S2’
falls below the minimum acceleration threshold α2 sup-
plied by the absolute acceleration setting circuit 11, the
output is set back to a reset level (the logical value "1" in
the example of Fig. 1).
[0028] In other words, an acceleration change that is
too small to be detected from an acceleration deviation
(mild change in acceleration) with the conventional tech-
nology is detected by the absolute acceleration setting
circuit 11 and the comparator circuit 10. The output S3
of the comparator circuit 10 is input to the other terminal
of the multiplier 8, and also input to a delay time gener-
ating circuit 12.
[0029] The multiplier 8 multiplies the idling detection
signal C1, which is the output of the slipping detector 7,
by the output S3 of the comparator circuit 10, and sup-
plies the multiplication result to one of the input terminals
of a multiplier 13. This means that, when the logical value
of the output S3 of the comparator circuit 10 is the reset
level (level "1"), the idling detection signal C1 output by
the slipping detector 7 is input to the input terminal of the
multiplier 13 as it is, and when the logical value of the
output S3 of the comparator circuit 10 is the set level
(level "0"), the value "0" is input during a period in which
the logical value of the output S3 of the comparator circuit
10 is at the set level.
[0030] An instruction torque command TP" is external-
ly input to the other input terminal of the multiplier 13 in
accordance with commands and speeds. During a period
in which the input from the multiplier 8 is the value "0",
the multiplier 13 outputs a value "0" to a first-order delay
circuit 14. When the logical value of the output S3 of the
comparator circuit 10 is the reset level ("1" level), the mul-
tiplier 13 converts the externally input instruction torque
command TP" to an instruction torque command TP’ by
performing reduction or the like thereon in accordance
with the degree of idling indicated by the idling detection
signal C1 that is input by the multiplier 8, and outputs the
instruction torque command TP’ to the first-order delay

circuit 14.
[0031] The delay time generating circuit 12 outputs a
first level signal corresponding to the reset level when
the comparator circuit 10 maintains the reset level without
changing the output level. However, when the compara-
tor circuit 10 changes the output level from the reset level
to the set level, the delay time generating circuit 12 out-
puts a second level signal corresponding to the set level
and maintains the second level for a certain period of
time after the timing at which the output level has been
changed to the set level. The delay time generating circuit
12 maintains the second level even after the comparator
circuit 10 puts the output level back to the reset level.
After the certain period of time elapses, the first level
signal corresponding to the restored reset level is output.
The output S4 of the delay time generating circuit 12 is
input to the first-order delay circuit 14 as a control signal.
[0032] When the output level of the delay time gener-
ating circuit 12 is unchanged and maintained at the first
level, the first-order delay circuit 14 directly outputs the
instruction torque command TP’, to which reduction or
the like is performed at the multiplier 13, as a target torque
command TP.
[0033] In contrast, when the output level of the delay
time generating circuit 12 is changed from the first level
to the second level, the first-order delay circuit 14 keeps
applying a large reduction processing on the target
torque command value TP, which has been sent out im-
mediately before, during a period of time in which the
output level of the delay time generating circuit 12 is main-
tained at the second level. This is performed independ-
ently of the instruction torque command TP’ on which the
reduction or the like is performed at the multiplier 13. The
first-order delay circuit 14 outputs the thus largely limited
target torque command TP. When the output level of the
delay time generating circuit 12 returns to the original
first level, the above-mentioned limiting is germinated.
The first-order delay circuit 14 returns to the operation in
which the instruction torque command TP’ is output as it
is, to which the reduction or the like is performed at the
multiplier 13, as the target torque command TP.
[0034] The target torque command TP that is output
by the above-described first-order delay circuit 14 is input
to the not-shown calculating unit, and reduction or the
like is performed on the supply current to all the induction
motors at the power converting unit. The output torques
given to all the driving wheel axles are thereby controlled.
[0035] Here, the correspondence between the terms
above and those used in the claims is specified. The fre-
quency detecting circuits 1, the minimum frequency de-
tecting circuit 2, the acceleration detecting circuits 4, the
speed difference detecting circuits 5, and the slipping
detector 7 as a whole form a first judging unit. The abso-
lute acceleration setting circuit 11 and the comparator
circuit 10 as a whole form a second judging unit. The
multiplier 8 forms a process switching unit. The multiplier
13 forms a limiting process performing unit. The first-
order delay circuit 14 forms an output processing unit.
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The delay time generating circuit 12 forms a process
managing unit.
[0036] In the above structure, idling control is per-
formed by the plurality of frequency detecting circuits 1,
the minimum frequency detecting circuit 2, the plurality
of acceleration detecting circuits 4, the plurality of speed
difference detecting circuits 5, the slipping detector 7, the
multiplier 13, and the first-order delay circuit 14 based
on the acceleration deviation and the speed deviation
when a significant acceleration change occurs in accel-
eration of an electric train car during power running op-
eration.
[0037] The idling control performed when a small ac-
celeration change appears in the acceleration of an elec-
tric train car during power running operation is the idling
control according to the present embodiment. This is re-
alized by the maximum frequency detecting circuit 3, the
differentiator 6, the first-order delay circuit 9, the absolute
acceleration setting circuit 11, the comparator circuit 10,
the multiplier 8, the delay time generating circuit 12, and
the first-order delay circuit 14.
[0038] Next, the idling control operation according to
the present embodiment is described with Fig. 2, while
referring to Fig. 1. Fig. 2 is a time chart diagram showing
the idling control operation. To facilitate understanding,
the operation of each unit at the time of idling in one axle
is illustrated in Fig. 2.
[0039] As shown by S1 (self-axle speed) in Fig. 2, when
the revolving speed (self-axle speed) detected for one of
the driving wheel axles (the driving wheel axle having the
maximum frequency in the present example) is increas-
ing steadily at a substantially fixed predetermined accel-
eration and a small acceleration change occurs due to
idling at time T0, the idling control operation according
to the present embodiment is activated. The acceleration
change increases up to time T1, then is shifted to de-
creasing, and disappears at time T2. The period between
times T0 and T3 is the operation period of the idling con-
trol operation according to the present embodiment.
[0040] The maximum frequency detecting circuit 3 de-
tects the driving wheel axle having the maximum frequen-
cy from the driving wheel axles driving at the predeter-
mined acceleration, and outputs the maximum frequency
to the differentiator 6 at each detection. In this process,
a small frequency change incurred by the event of idling
at time T0 can be detected by the maximum frequency
detecting circuit 3, and the acceleration S2 is obtained
by the differentiator 6 and input through the first-order
delay circuit 9 to the comparator circuit 10.
[0041] In Fig. 2, the change in the acceleration S2 (the
output of the differentiator) of the idling driving wheel axle
detected by the maximum frequency detecting circuit 3
is indicated with the maximum acceleration threshold α1
and the minimum acceleration threshold α2 that are set
to the comparator circuit 10 by the absolute acceleration
setting circuit 11.
[0042] As shown by S3 (the output of the comparator)
in Fig. 2, the comparator circuit 10 keeps the output level

at the reset level of the logical value "1" (hereinafter, "nor-
mal state") up to the time T0 at which the idling control
is performed based on the idling detection signal C1.
Thus, the multiplier 8 supplies the idling detection signal
C1 from the slipping detector 7 directly to the multiplier
13, and therefore the multiplier 13 outputs to the first-
order delay circuit 14 the instruction torque command
TP’ that is obtained by performing a limiting process or
the like on the externally input instruction torque com-
mand TP" in accordance with the idling detection signal
C1.
[0043] As shown by S4 (the output of the delay time
generating circuit) in Fig. 2, the delay time generating
circuit 12 keeps the output level at the aforementioned
first level that is the high level (hereinafter, ""H" level")
until the time T0, i.e., during the normal state. Thus, as
shown by S5 (the target torque command TP) in Fig. 2,
the target torque command TP’, on which the limiting
process or the like is performed in accordance with the
value of the idling detection signal C1, is sent out as the
output S5 of the first-order delay circuit 14 as the target
torque command TP until the time T0.
[0044] In this situation, as shown by S1 (self-axle
speed) in Fig. 2, if idling occurs at a driving wheel axle
at the time T0 and the acceleration S2 of the detected
driving wheel axle having the maximum frequency ex-
ceeds the maximum acceleration threshold α1, the com-
parator circuit 10 sets the output level as the set level of
the logical value "0" at substantially the same timing as
the time T0.
[0045] When the output level S3 of the comparator cir-
cuit 10 becomes the set level of the logical value "0" at
substantially the same timing as the time T0 at which the
idling has occurred, the outputs of the multipliers 8 and
13 are set to the value "0" regardless of the value of the
idling detection signal C1. Then, the delay time generat-
ing circuit 12 sets the output level as the aforementioned
second level, which is the low level (hereinafter,
""L" level"), and starts the operation of maintaining it until
a certain period of time TL elapses, as shown by S4 (the
output of the delay time generating circuit) in Fig. 2.
[0046] Thus, the first-order delay circuit 14 performs a
limiting operation at the starting point of the certain period
of time TL to gradually reduce the target torque command
TP that has been sent out immediately before, and the
output S4 of the delay time generating circuit 12 is main-
tained at the "L" level until the time T3 for the certain
period of time TL. Thus, the target torque command TP
reaches the predetermined minimum value, for example,
the value "0". In the example indicated by S5 (the target
torque command TP) in Fig. 2, the target torque com-
mand TP=0 is established at the time T1.
[0047] With such a limiting process of the target torque
command TP, as indicated by S1 (the axle speed) in Fig.
2, the speed that has been changing stops increasing
and starts decreasing at the time T1 in the driving wheel
axle having the maximum frequency in which idling has
occurred at the time T0. Then, the acceleration S2 de-
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tected at the time T1 falls below the minimum accelera-
tion threshold α2. The comparator circuit 10 performs an
operation of returning the output level to the reset level
of the logical value "1". Thus, the output of the multipliers
8 and 13 is no longer the value "0", but becomes a value
corresponding to the idling detection signal C1, and the
output of the multiplexer 13 is input to the first-order delay
circuit 14.
[0048] However, the certain period of time TL during
which the delay time generating circuit 12 maintains the
output level at the "L" level is longer than duration of the
time for which the comparator circuit 10 maintains the
output level at the set level of the logical value "0". Thus,
the delay time generating circuit 12 keeps the output level
at the "L" level even after the comparator circuit 10 puts
the output level back to the reset level.
[0049] Thus, the first-order delay circuit 14 continues
to output the target torque command TP of the value "0",
regardless of the output value of the multiplier 13. The
small acceleration change that has appeared in the pre-
determined acceleration of the driving wheel axle having
the maximum frequency, in which the idling has occurred
at the time T0, disappears at the time T2, as shown by
S1 (the self-axle speed) in Fig. 2. In other words, the
idling is eliminated and disappears.
[0050] Fig. 2 also indicates the change of the acceler-
ation S2 detected between the times T1 and T2. The
comparator circuit 10 does not respond to the accelera-
tion S2 detected between the times T1 and T2 because
it is a value below the maximum acceleration threshold
α1 and the minimum acceleration threshold α2.
[0051] Subsequently, the delay time generating circuit
12 boosts the output level to the "H" level at the time T3
after the certain period of time TL elapses. Then, as
shown by S5 in Fig. 2, the first-order delay circuit 14
starts, at the end of the fixed period of time TL, an oper-
ation of gradually increasing the target torque command
TP that has been reduced to the value "0" toward the
predetermined value designated by the instruction torque
command TP’ that is output by the multiplier 13, within
the time of the first-order delay element, and eventually
returning it to the predetermined value. In Fig. 2, it returns
to the predetermined value at time T4.
[0052] As described, the maximum acceleration
threshold α1 is set for a small acceleration change in the
driving wheel axle having the maximum frequency de-
tected by the maximum frequency detecting circuit 3 such
that a small acceleration change can be detected. Thus,
even in a situation where idling occurs during an electric
train car travels with a predetermined acceleration but
the acceleration change is too small to detect the idling
from the acceleration deviation, the idling can be reliably
detected and a target torque command can be limited.
This makes it possible to perform a suitable torque control
quickly so as to cancel the idling, which improves the
control performance of the electric train car.
[0053] Here, as indicated in Fig. 1, the maximum ac-
celeration threshold α1 for the small acceleration change

in the driving wheel axle having the maximum frequency
is set by the absolute acceleration setting circuit 11, but
the set value can be changed in accordance with various
vehicle usage conditions. The maximum acceleration
threshold α1 therefore can always be set at the optimal
idling detection level. The minimum acceleration thresh-
old α2 is provided to reset the comparator circuit 10, and
thus is set to a suitable value for controlling.
[0054] The vehicle usage conditions that should be
considered may be the following cases, (1) to (3).

(1) A vehicle usage condition that should be consid-
ered for a train of cars each equipped with the electric
train car controlling device according to the present
embodiment described above is a breakdown of any
of the electric train car controlling devices. In such a
case, because the maximum acceleration that can
be achieved by the train of cars varies, the break-
down of the electric train car controlling device is
checked with a vehicle monitoring device or the like,
and the maximum acceleration that can be achieved
by the train of cars is set to the absolute acceleration
setting circuit 11. With this, the maximum accelera-
tion threshold α1 that is the idling detection level,
which has been modified from the one when all the
electric train car controlling devices are normally
working, and the associated minimum acceleration
threshold α2 are set to the comparator circuit 10 by
the absolute acceleration setting circuit 11.
(2) In a train of cars each equipped with the electric
train car controlling device according to the above-
described embodiment, the vehicle usage condition
that should be considered is a specific driving mode
adopted as an operational choice. The maximum ac-
celeration that can be achieved by the train of cars
in this situation is different from that of the train of
cars in a regular driving mode. The maximum accel-
eration that can be achieved in the specific driving
mode is set to the absolute acceleration setting cir-
cuit 11. With this, the absolute acceleration setting
circuit 11 sets to the comparator circuit 10, the max-
imum acceleration threshold α1, which is the idling
detection level modified from the maximum acceler-
ation that can be achieved by the train of cars in the
regular driving mode to the one in the specific driving
mode, and the associated minimum acceleration
threshold α2.
(3) In general, the frequency of idling occurrence
tends to vary with the season of the year. For exam-
ple, idling occurs more often during the rainy season
in June and the season of fallen leaves in autumn
than in other seasons. Thus, the vehicle usage con-
ditions that should be considered for the train of cars
each equipped with the electric train car controlling
device according to the above-described embodi-
ment is the season recognized by a calendar function
provided in the vehicle monitoring device or the like.
In such a case, the maximum acceleration that can
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be achieved by the train of cars in the recognized
season is set to the absolute acceleration setting cir-
cuit 11. With this, the maximum acceleration thresh-
old α1, which is the idling detection level modified in
accordance with the recognized season, and the as-
sociated minimum acceleration threshold α2 are set
to the comparator circuit 10 by the absolute accel-
eration setting circuit 11.

[0055] The idling control performed during the power
running operation has been described in the above, but
this processing is also applicable to sliding control during
the braking operation that is a decelerating operation. In
other words, because deceleration appears during de-
celerating operation, the characteristic line for the self-
axle speed S1 indicated in Fig. 2 is on the downside.
When sliding occurs, the speed changes in a further de-
creasing direction with respect to the deceleration for an
electric train car.
[0056] This means that, in case of the sliding control,
the relationship between the "maximum speed" and the
"minimum speed" used in the idling control should be
interchanged to apply it.
[0057] Thus, during the decelerating operation, the
minimum frequency detecting circuit 2 and the maximum
frequency detecting circuit 3 should be exchanged in the
structure indicated in Fig. 1. The output of the maximum
frequency detecting circuit 3 is supplied to the accelera-
tion detecting circuits 4 and the speed difference detect-
ing circuits 5, while the output of the minimum frequency
detecting circuit 2 is supplied to the differentiator 6. The
maximum deceleration threshold α1 and the minimum
deceleration threshold α2 are supplied to the comparator
10. In this way, the sliding control can be similarly
achieved.
[0058] In an actual electric train car controlling device,
the units to which the minimum frequency detecting cir-
cuit 2 and the maximum frequency detecting circuit 3 are
connected are switched as described above between the
power running operation and the decelerating operation.
In the aforementioned cases (1) to (3) in which the vehicle
usage conditions are considered, the "maximum decel-
eration" is further defined for the decelerating operation.

INDUSTRIAL APPLICABILITY

[0059] As described above, the electric train car con-
trolling device according to the present invention is useful
in reliably controlling and canceling idling/sliding state to
improve the control performance of an electric train car
traveling with acceleration/deceleration determined in
accordance with the vehicle usage condition, even when
an acceleration/deceleration change is too small to de-
tect it from an acceleration/deceleration deviation.

Claims

1. An electric train car controlling device comprising a
controlling unit that generates a target torque com-
mand value, TP, for a plurality of motors to suppress
an idling state of driving wheels based on revolving
speeds of the motors that drive a plurality of driving
wheel axles, wherein the controlling unit comprises:

a first judging unit (1, 2, 4, 5, 7) that obtains, by
use of self-axle speeds that are the revolving
speeds of the motors and a reference speed that
is a minimum speed of the revolving speeds of
the motors, a speed deviation of each of the self-
axle speeds from the reference speed and an
acceleration deviation, and judges a degree of
the idling state of the driving wheels in accord-
ance with how much the thus obtained speed
deviation and the acceleration deviation exceed
thresholds that are individually determined;
a limiting process performing unit (13) that per-
forms a limiting process to reduce an instruction
torque command value, TP", that is externally
supplied, in accordance with a judgment result
obtained by the first judging unit (1, 2, 4, 5, 7);
a second judging unit (10, 11) that determines
a first threshold that exceeds an absolute accel-
eration determined in accordance with a vehicle
usage condition with reference to the absolute
acceleration, and judges whether an accelera-
tion of a self-axle speed that is the maximum
speed selected from the revolving speeds of the
motors exceeds the first threshold; and
an output processing unit (14) that outputs a
torque command value, TP, processed by the
limiting process performing unit (13) as the tar-
get torque command value when a judgment re-
sult obtained by the second judging unit (10, 11)
is not exceeding the first threshold, and outputs
the target torque command value subjected to
a reduction process that is performed regardless
of a process result obtained by the limiting proc-
ess performing unit (13) when the judgment re-
sult obtained by the second judging unit (10, 11)
is exceeding the first threshold, wherein, in the
reduction process, the target torque command
TP is gradually decreased to a predetermined
minimum value.

2. An electric train car controlling device comprising a
controlling unit that generates a target torque com-
mand value, TP, for a plurality of motors to suppress
a sliding state of driving wheels based on revolving
speeds of the motors that drive a plurality of driving
wheel axles, wherein the controlling unit comprises:

a first judging unit (1, 2, 4, 5, 7) that obtains, by
use of self-axle speeds that are the revolving
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speeds of the motors and a reference speed that
is a maximum speed of the revolving speeds of
the motors, a speed deviation of each of the self-
axle speeds from the reference speed and a de-
celeration deviation, and judges a degree of the
sliding state of the driving wheels in accordance
with how much the thus obtained speed devia-
tion and the deceleration deviation exceed
thresholds that are individually determined;
a limiting process performing unit (13) that per-
forms a limiting process to reduce an instruction
torque command value, TP", that is externally
supplied, in accordance with a judgment result
obtained by the first judging unit (1, 2, 4, 5, 7);
a second judging unit (10, 11) that determines
a first threshold that exceeds an absolute decel-
eration determined in accordance with a vehicle
usage condition with reference to the absolute
deceleration, and judges whether a deceleration
of a self-axle speed that is the minimum speed
selected from the revolving speeds of the motors
exceeds the first threshold; and
an output processing unit (14) that outputs a
torque command value, TP, processed by the
limiting process performing unit (13) as the tar-
get torque command value when a judgment re-
sult obtained by the second judging unit (10, 11)
is not exceeding the first threshold, and outputs
the target torque command value subjected to
a reduction process that is performed regardless
of a process result obtained by the limiting proc-
ess performing unit when the judgment result
obtained by the second judging unit (10, 11) is
exceeding the first threshold, wherein, in the re-
duction process, the target torque command TP
is gradually decreased to a predetermined min-
imum value.

3. The electric train car controlling device according to
claim 1 or 2, wherein the second judging unit (10,
11) is configured to determine, with reference to the
absolute acceleration, a second threshold that is be-
low the absolute acceleration, make the judgment
on "exceeding the first threshold" when the acceler-
ation or the deceleration exceeds the first threshold,
thereafter maintain the judgment state of "exceeding
the first threshold" during a period until the acceler-
ation or the deceleration falls below the second
threshold, and return to the judgment state of "not
exceeding the first threshold" after the acceleration
or the deceleration falls below the second threshold,
and the controlling unit further comprises a process
switching unit (8) that does not supply the judgment
result obtained by the first judging unit (1, 2, 4, 5, 7)
to the limiting process performing unit during a judg-
ment period in which the second judging unit (10,
11) maintains the judgment state of "exceeding the
first threshold, and

a process managing unit (12) that issues an instruc-
tion of taking in the process result of the limiting proc-
ess performing unit to the output processing unit (14)
when the second judging unit (10, 11) is in the judg-
ment state of "not exceeding the first threshold", and
issues an instruction of starting the reduction proc-
ess to the output processing unit when the second
judging unit (10, 11) makes the judgment
of "exceeding the first threshold".

4. The electric train car controlling device according to
any one of claims 1 to 3, wherein when the vehicle
usage condition is such that the electric train car con-
trolling devices are equipped on a train of cars and
a breakdown occurs in any of the train car controlling
devices, the absolute acceleration determined in ac-
cordance with the vehicle usage condition is set to
be the maximum acceleration or the maximum de-
celeration that can be actually achieved by the train
of cars, while checking the breakdown of the electric
train car controlling device by a vehicle monitoring
device.

5. The electric train car controlling device according to
any one of claims 1 to 3, wherein when the vehicle
usage condition is such that the electric train car con-
trolling devices are equipped on a train of cars and
a specific driving mode is adopted, the absolute ac-
celeration determined in accordance with the vehicle
usage condition is set to be the maximum accelera-
tion or the maximum deceleration that can be
achieved by the train of cars in the specific driving
mode.

6. The electric train car controlling device according to
any one of claims 1 to 3, wherein when the vehicle
usage condition is such that the electric train car con-
trolling devices are equipped on a train of cars and
a season is recognized using a calendar function
provided in a vehicle monitoring device, the absolute
acceleration determined in accordance with the ve-
hicle usage condition is set to be the maximum ac-
celeration or the maximum deceleration that can be
achieved by the train of cars in the recognized sea-
son.

Patentansprüche

1. Elektrofahrzeug-Steuergerät, umfassend eine Steu-
ereinheit, die einen Zieldrehmoment-Sollwert TP für
eine Vielzahl von Motoren erzeugt, um einen Leer-
laufzustand von Antriebsrädern auf Basis von Dreh-
geschwindigkeiten der Motoren, die eine Vielzahl
von Antriebsradachsen antreiben, zu unterdrücken,
wobei die Steuereinheit umfasst:

eine erste Beurteilungseinheit (1, 2, 4, 5, 7), die
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mittels Eigenachsgeschwindigkeiten, welche
die Drehgeschwindigkeiten der Motoren sind,
und einer Referenzgeschwindigkeit, die eine
Mindestgeschwindigkeit der Drehgeschwindig-
keiten der Motoren ist, eine Geschwindigkeits-
abweichung jeder der Eigenachsgeschwindig-
keiten von der Referenzgeschwindigkeit und ei-
ne Beschleunigungsabweichung ermittelt, und
einen Grad des Leerlaufzustands der Antriebs-
räder abhängig davon beurteilt, wie stark die so
erhaltene Geschwindigkeitsabweichung und
die Beschleunigungsabweichung Schwellen
überschreiten, die einzeln bestimmt werden;
eine Begrenzungsprozess-Durchführungsein-
heit (13), die einen Begrenzungsprozess zum
Verringern eines Befehlsdrehmoment-Sollwer-
tes TP", der extern bereitgestellt wird, gemäß
einem Beurteilungsergebnis, das durch die ers-
te Beurteilungseinheit (1, 2, 4, 5, 7) erhalten wur-
de, durchführt;
eine zweite Beurteilungseinheit (10, 11), die ei-
ne erste Schwelle bestimmt, die eine absolute
Beschleunigung überschreitet, die gemäß einer
Fahrzeugnutzungsbedingung mit Bezug auf die
absolute Beschleunigung bestimmt wurde, und
beurteilt, ob eine Beschleunigung einer Eigen-
achsgeschwindigkeit, bei der es sich um die un-
ter den Drehgeschwindigkeiten der Motoren
ausgewählte Höchstgeschwindigkeit handelt,
die erste Schwelle überschreitet, und
eine Ausgabeverarbeitungseinheit (14), die ei-
nen Drehmoment-Sollwert TP ausgibt, der von
der Begrenzungsprozess-Durchführungsein-
heit (13) als Zieldrehmoment-Sollwert verarbei-
tet wird, wenn ein durch die zweite Beurteilungs-
einheit (10, 11) erhaltenes Beurteilungsergeb-
nis die erste Schwelle nicht überschreitet, und
den Zieldrehmoment-Sollwert ausgibt, der ei-
nem Verringerungsprozess unterzogen wurde,
welcher unabhängig von einem Prozessergeb-
nis durchgeführt wird, das von der Begren-
zungsprozess-Durchführungseinheit (13) erhal-
ten wird, wenn das von der zweiten Beurtei-
lungseinheit (10, 11) erhaltene Beurteilungser-
gebnis die erste Schwelle überschreitet, wobei
in dem Verringerungsprozess der Zieldrehmo-
ment-Sollwert TP stufenweise auf einen vorbe-
stimmten Mindestwert verringert wird.

2. Elektrofahrzeug-Steuergerät, umfassend eine Steu-
ereinheit, die einen Zieldrehmoment-Sollwert TP für
eine Vielzahl von Motoren erzeugt, um einen
Schlupfzustand von Antriebsrädern auf Basis von
Drehgeschwindigkeiten der Motoren, die eine Viel-
zahl von Antriebsradachsen antreiben, zu unterdrü-
cken, wobei die Steuereinheit umfasst:

eine erste Beurteilungseinheit (1, 2, 4, 5, 7), die

mittels Eigenachsgeschwindigkeiten, welche
die Drehgeschwindigkeiten der Motoren sind,
und einer Referenzgeschwindigkeit, die eine
Höchstgeschwindigkeit der Drehgeschwindig-
keiten der Motoren ist, eine Geschwindigkeits-
abweichung jeder der Eigenachsgeschwindig-
keiten von der Referenzgeschwindigkeit und ei-
ne Verzögerungsabweichung ermittelt, und ei-
nen Grad des Schlupfzustands der Antriebsrä-
der abhängig davon beurteilt, wie stark die so
erhaltene Geschwindigkeitsabweichung und
die Verzögerungsabweichung Schwellen über-
schreiten, die einzeln bestimmt werden;
eine Begrenzungsprozess-Durchführungsein-
heit (13), die einen Begrenzungsprozess zum
Verringern eines Befehlsdrehmoment-Sollwer-
tes TP", der extern bereitgestellt wird, gemäß
einem Beurteilungsergebnis, das durch die ers-
te Beurteilungseinheit (1, 2, 4, 5, 7) erhalten wur-
de, durchführt;
eine zweite Beurteilungseinheit (10, 11), die ei-
ne erste Schwelle bestimmt, welche eine abso-
lute Verzögerung überschreitet, die gemäß ei-
ner Fahrzeugnutzungsbedingung mit Bezug auf
die absolute Verzögerung bestimmt wurde, und
beurteilt, ob eine Verzögerung einer Eigenachs-
geschwindigkeit, bei der es sich um die unter
den Drehgeschwindigkeiten der Motoren aus-
gewählte Mindestgeschwindigkeit handelt, die
erste Schwelle überschreitet, und
eine Ausgabeverarbeitungseinheit (14), die ei-
nen Drehmoment-Sollwert TP ausgibt, der von
der Begrenzungsprozess-Durchführungsein-
heit (13) als Zieldrehmoment-Sollwert verarbei-
tet wird, wenn ein durch die zweite Beurteilungs-
einheit (10, 11) erhaltenes Beurteilungsergeb-
nis die erste Schwelle nicht überschreitet, und
den Zieldrehmoment-Sollwert ausgibt, der ei-
nem Verringerungsprozess unterzogen wurde,
welcher unabhängig von einem Prozessergeb-
nis durchgeführt wird, das von der Begren-
zungsprozess-Durchführungseinheit erhalten
wird, wenn das von der zweiten Beurteilungs-
einheit (10, 11) erhaltene Beurteilungsergebnis
die erste Schwelle überschreitet, wobei in dem
Verringerungsprozess der Zieldrehmoment-
Sollwert TP stufenweise auf einen vorbestimm-
ten Mindestwert verringert wird.

3. Elektrofahrzeug-Steuergerät nach Anspruch 1 oder
2, wobei die zweite Beurteilungseinheit (10, 11) dazu
eingerichtet ist, bezüglich der absoluten Beschleu-
nigung eine zweite Schwelle zu bestimmen, die unter
der absoluten Beschleunigung liegt, das Urteil "erste
Schwelle überschritten" zu fällen, wenn die Be-
schleunigung oder die Verzögerung die erste
Schwelle überschreitet, anschließend den Beurtei-
lungszustand "erste Schwelle überschritten" solan-
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ge beizubehalten, bis die Beschleunigung oder die
Verzögerung unter die zweite Schwelle fällt, und in
den Beurteilungszustand "erste Schwelle nicht über-
schritten" zurückzukehren, nachdem die Beschleu-
nigung oder die Verzögerung unter die zweite
Schwelle gefallen ist, und die Steuereinheit ferner
umfasst: eine Prozessschalteinheit (8), die das
durch die erste Beurteilungseinheit (1, 2, 4, 5, 7) er-
haltene Beurteilungsergebnis während eines Beur-
teilungszeitraums, in dem die zweite Beurteilungs-
einheit (10, 11) den Beurteilungszustand "erste
Schwelle überschritten" beibehält, nicht an die Be-
grenzungsprozess-Durchführungseinheit bereit-
stellt, und
eine Prozesssteuerungseinheit (12), die einen Be-
fehl zum Weiterleiten des Prozessergebnisses der
Begrenzungsprozess-Durchführungseinheit an die
Ausgabeverarbeitungseinheit (14) erteilt, wenn sich
die zweite Beurteilungseinheit (10, 11) im Beurtei-
lungszustand "erste Schwelle nicht überschritten"
befindet, und einen Befehl zum Starten des Verrin-
gerungsprozesses an die Ausgabeverarbeitungs-
einheit erteilt, wenn die zweite Beurteilungseinheit
(10, 11) das Urteil "erste Schwelle überschritten"
fällt.

4. Elektrofahrzeug-Steuergerät nach einem der An-
sprüche 1 bis 3, wobei wenn die Fahrzeugnutzungs-
bedingung dergestalt ist, dass die Elektrofahrzeug-
Steuergeräte an einem Fahrzeugantrieb angebracht
sind und in einem der Fahrzeug-Steuergeräte eine
Panne auftritt, die absolute Beschleunigung, die ge-
mäß der Fahrzeugnutzungsbedingung bestimmt
wurde, als maximale Beschleunigung oder maxima-
le Verzögerung eingestellt wird, die tatsächlich von
dem Fahrzeugantrieb erreicht werden kann, wäh-
rend die Panne des Elektrofahrzeug-Steuergeräts
durch ein Fahrzeugüberwachungsgerät überprüft
wird.

5. Elektrofahrzeug-Steuergerät nach einem der An-
sprüche 1 bis 3, wobei wenn die Fahrzeugnutzungs-
bedingung dergestalt ist, dass die Elektrofahrzeug-
Steuergeräte an einem Fahrzeugantrieb angebracht
sind und ein spezifischer Fahrmodus angenommen
wird, die absolute Beschleunigung, die gemäß der
Fahrzeugnutzungsbedingung bestimmt wurde, als
maximale Beschleunigung oder maximale Verzöge-
rung eingestellt wird, die von dem Fahrzeugantrieb
in dem spezifischen Fahrmodus erreicht werden
kann.

6. Elektrofahrzeug-Steuergerät nach einem der An-
sprüche 1 bis 3, wobei wenn die Fahrzeugnutzungs-
bedingung dergestalt ist, dass die Elektrofahrzeug-
Steuergeräte an einem Fahrzeugantrieb angebracht
sind und eine Jahreszeit mittels einer in einem Fahr-
zeugüberwachungsgerät bereitgestellten Kalender-

funktion erkannt wird, die absolute Beschleunigung,
die gemäß der Fahrzeugnutzungsbedingung be-
stimmt wurde, als maximale Beschleunigung oder
maximale Verzögerung eingestellt wird, die von dem
Fahrzeugantrieb in der erkannten Jahreszeit erreicht
werden kann.

Revendications

1. Dispositif de commande de wagon de train électrique
comprenant une unité de commande qui génère une
valeur d’ordre de couple cible, TP, pour une pluralité
de moteurs pour supprimer un état ralenti de roues
motrices d’après des vitesses de rotation des mo-
teurs qui entraînent une pluralité d’essieux de roues
motrices, dans lequel l’unité de commande
comprend :

une première unité d’estimation (1, 2, 4, 5, 7)
qui obtient, par l’utilisation de vitesses d’auto-
essieu qui sont les vitesses de rotation des mo-
teurs et d’une vitesse de référence qui est une
vitesse minimale des vitesses de rotation des
moteurs, un écart de vitesse de chacune des
vitesses d’auto-essieu par rapport à la vitesse
de référence et un écart d’accélération, et esti-
me un degré de l’état ralenti des roues motrices
selon la quantité dont l’écart de vitesse et l’écart
d’accélération ainsi obtenus dépassent des
seuils qui sont déterminés individuellement ;
une unité de réalisation de processus de limita-
tion (13) qui réalise un processus de limitation
pour réduire une valeur d’ordre de couple d’ins-
truction, TP", qui est fournie en externe, selon
un résultat d’estimation obtenu par la première
unité d’estimation (1, 2, 4, 5, 7) ;
une seconde unité d’estimation (10, 11) qui dé-
termine un premier seuil qui dépasse une accé-
lération absolue déterminée selon une condition
d’utilisation de véhicule en référence à l’accélé-
ration absolue, et estime si une accélération
d’une vitesse d’auto-essieu qui est la vitesse
maximale choisie parmi les vitesses de rotation
des moteurs dépasse le premier seuil ; et
une unité de traitement de sortie (14) qui fournit
en sortie une valeur d’ordre de couple, TP, trai-
tée par l’unité de réalisation de processus de
limitation (13) en tant que valeur d’ordre de cou-
ple cible lorsqu’un résultat d’estimation obtenu
par la seconde unité d’estimation (10, 11) ne
dépasse pas le premier seuil, et fournit en sortie
la valeur d’ordre de couple cible soumise à un
processus de réduction qui est réalisé peu im-
porte un résultat de processus obtenu par l’unité
de réalisation de processus de limitation (13)
lorsque le résultat d’estimation obtenu par la se-
conde unité d’estimation (10, 11) dépasse le
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premier seuil, dans lequel, dans le processus
de réduction, l’ordre de couple cible TP est di-
minué progressivement jusqu’à une valeur mi-
nimale prédéterminée.

2. Dispositif de commande de wagon de train électrique
comprenant une unité de commande qui génère une
valeur d’ordre de couple cible, TP, pour une pluralité
de moteurs pour supprimer un état de glissement de
roues motrices d’après des vitesses de rotation des
moteurs qui entraînent une pluralité d’essieux de
roues motrices, dans lequel l’unité de commande
comprend :

une première unité d’estimation (1, 2, 4, 5, 7)
qui obtient, par l’utilisation de vitesses d’auto-
essieu qui sont les vitesses de rotation des mo-
teurs et d’une vitesse de référence qui est une
vitesse maximale des vitesses de rotation des
moteurs, un écart de vitesse de chacune des
vitesses d’auto-essieu par rapport à la vitesse
de référence et un écart de décélération, et es-
time un degré de l’état de glissement des roues
motrices selon la quantité dont l’écart de vitesse
et l’écart de décélération ainsi obtenus dépas-
sent des seuils qui sont déterminés
individuellement ;
une unité de réalisation de processus de limita-
tion (13) qui réalise un processus de limitation
pour réduire une valeur d’ordre de couple d’ins-
truction, TP", qui est fournie en externe, selon
un résultat d’estimation obtenu par la première
unité d’estimation (1, 2, 4, 5, 7) ;
une seconde unité d’estimation (10, 11) qui dé-
termine un premier seuil qui dépasse une décé-
lération absolue déterminée selon une condition
d’utilisation de véhicule en référence à la décé-
lération absolue, et estime si une décélération
d’une vitesse d’auto-essieu qui est la vitesse mi-
nimale choisie parmi les vitesses de rotation des
moteurs dépasse le premier seuil ; et
une unité de traitement de sortie (14) qui fournit
en sortie une valeur d’ordre de couple, TP, trai-
tée par l’unité de réalisation de processus de
limitation (13) en tant que valeur d’ordre de cou-
ple cible lorsqu’un résultat d’estimation obtenu
par la seconde unité d’estimation (10, 11) ne
dépasse pas le premier seuil, et fournit en sortie
la valeur d’ordre de couple cible soumise à un
processus de réduction qui est réalisé quel que
soit un résultat de processus obtenu par l’unité
de réalisation de processus de limitation lorsque
le résultat d’estimation obtenu par la seconde
unité d’estimation (10, 11) dépasse le premier
seuil, dans lequel, dans le processus de réduc-
tion, l’ordre de couple cible TP est diminué pro-
gressivement jusqu’à une valeur minimale pré-
déterminée.

3. Dispositif de commande de wagon de train électrique
selon la revendication 1 ou 2, dans lequel la seconde
unité d’estimation (10, 11) est configurée pour dé-
terminer, en référence à l’accélération absolue, un
second seuil qui est en dessous de l’accélération
absolue, pour établir une estimation sur le
« dépassement du premier seuil » lorsque l’accélé-
ration ou la décélération dépasse le premier seuil,
pour maintenir ensuite l’état d’estimation de
« dépassement du premier seuil » pendant une pé-
riode jusqu’à ce que l’accélération ou la décélération
descende en dessous du second seuil, et pour re-
tourner à l’état d’estimation de « non-dépassement
du premier seuil » après que l’accélération ou la dé-
célération descend en dessous du second seuil, et
l’unité de commande comprend en outre une unité
de commutation de processus (8) qui ne fournit pas
le résultat d’estimation obtenu par la première unité
d’estimation (1, 2, 4, 5, 7) à l’unité de réalisation de
processus de limitation pendant une période d’esti-
mation lors de laquelle la seconde unité d’estimation
(10, 11) maintient l’état d’estimation de
« dépassement du premier seuil », et
une unité de gestion de processus (12) qui émet une
instruction d’assimilation du résultat de processus
de l’unité de réalisation de processus de limitation à
l’unité de traitement de sortie (14) lorsque la seconde
unité d’estimation (10, 11) est dans l’état d’estima-
tion de « non dépassement du premier seuil », et
émet une instruction de démarrage du processus de
réduction à l’unité de traitement de sortie lorsque la
seconde unité d’estimation (10, 11) établit l’estima-
tion de « dépassement du premier seuil ».

4. Dispositif de commande de wagon de train électrique
selon l’une quelconque des revendications 1 à 3,
dans lequel lorsque la condition d’utilisation de vé-
hicule est telle que les dispositifs de commande de
wagon de train électrique sont installés sur un train
de wagons et qu’une panne se produit dans l’un quel-
conque des dispositifs de commande de wagon de
train, l’accélération absolue déterminée selon la con-
dition d’utilisation de véhicule est réglée pour être
l’accélération maximale ou la décélération maximale
qui peut être réellement obtenue par le train de wa-
gons, tout en vérifiant la panne du dispositif de com-
mande de wagon de train électrique par un dispositif
de surveillance de véhicule.

5. Dispositif de commande de wagon de train électrique
selon l’une quelconque des revendications 1 à 3,
dans lequel lorsque la condition d’utilisation de vé-
hicule est telle que les dispositifs de commande de
wagon de train électrique sont installés sur un train
de wagons et qu’un mode d’entraînement spécifique
est adopté, l’accélération absolue déterminée selon
la condition d’utilisation de véhicule est réglée pour
être l’accélération maximale ou la décélération maxi-

21 22 



EP 2 191 998 B1

13

5

10

15

20

25

30

35

40

45

50

55

male qui peut être obtenue par le train de wagons
dans le mode d’entraînement spécifique.

6. Dispositif de commande de wagon de train électrique
selon l’une quelconque des revendications 1 à 3,
dans lequel lorsque la condition d’utilisation de vé-
hicule est telle que les dispositifs de commande de
wagon de train électrique sont installés sur un train
de wagons et qu’une saison est reconnue à l’aide
d’une fonction calendaire prévue dans un dispositif
de surveillance de véhicule, l’accélération absolue
déterminée selon la condition d’utilisation de véhi-
cule est réglée pour être l’accélération maximale ou
la décélération maximale qui peut être obtenue par
le train de wagons lors de la saison reconnue.
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